In order to assess the prevalence and dynamics of changes of basic parameters of obstructive sleep apnea syndrome (OSAS) at mucopolysaccharidoses II (MSP II) cardiorespiratory monitoring was performed for 17 children. Slight OSAS (apnoea-hypopnoea index (AHI) was 1.5 -5) was diagnosed in 4 patients (23.5%), moderate OSAS (AHI was 5 -10)-in 4 patients (23.5%), severe OSAS (AHI was higher than 10)-in 2 patients (11.8%). AHI median at Hunter syndrome was 5.3 ± 6.9/ hour. In the group of infants (1 -3 years old) slight OSAS (AHI is 0.8 ± 0.3/h) dominated, whereas in the group of teenagers-sever OSAS (AHI is 10.9 ± 9.4/h), a median of blood saturation with oxygen (SpO2) was 87.5 ± 10.6%, desaturation index (DI)-10.4 ± 13.3/hour. On the whole, OSAS was diagnosed in 58.8% of children and increased with increasing of the disease severity. Thus cardiorespiratory monitoring is necessary for revealing children with moderate and moderate-to-severe OSAS, followed by prevention of life-threatening conditions, the occurrence of which is possible at this syndrome.
threat to normal functioning of an organism. In the structure of orphan diseases the problem of respiratory disorders, which can be the first signs of such diseases, is most acute for children with mucopolysaccharidoses [1] [2] [3] .
Mucopolysaccharidoses are a group of rare lysosomal storage diseases, connected with lack of enzymes, involved in the catabolism of mucopolysaccharides-glucosaminoglycans (GAG). Depending on the severity of the disease the symptoms of respiratory disorders can range from slight to severe [4] [5] .
First disease symptoms manifest after the first year of life and include frequent virus respiratory infections, recurrent otitis, rhinitis, and abdominal hernia. At age of 2 nostrils and lips thickening, macroglossia, and growth retardation appear. General signs of the disease are macrocephaly, short neck and torso. A diseased baby's face obtains coarse features (gargoylism). In 3 -4 years old motor coordination disturbance is developed, behavior changes, and aggressiveness appears. At older ages there appear deafness, joint stiffness, contractures of large and small joints, as well as atypical retinitis pigmentosa and corneal opacity [4] [5] [6] [7] .
So-called "gargoyle-like phenotype" in patients with mucopolysaccharidoses is formed from different (typical only for them) structural features, which among other things contribute to the development of respiratory disorders:
1) a wide nose with a flat nose bridge; 2) short and narrow nasal passages; 3) a short neck; 4) large rare teeth; 5) macroglossia; 6) gingival hyperplasia; 7) enlarged tonsils and adenoids; 8) abnormalities of vertebrae cervicales due to disturbance of ossification and osteogenesis; 9) highly located epiglottis; 10) overgrowth of arytenoid cartilage and aryepiglottic folds tissue; 11) deformation of chest and ribs; 12) tracheal wall irregularities and thickening [8] [9] [10] .
Thus, clinical displays of respiratory disorders associated both with the above-mentioned pathology of skull and spine bones and directly with the accumulation of GAGs in tissues of the upper and lower respiratory tract [2] [10] [11] .
Noisy, wheezing breathing is typical for children with MPS and it usually persists even in the absence of respiratory infection in a child. Increased secretion of mucus in upper and lower airway increases the obstruction, aggravating the patient's condition [12] .
In connection with such changes in a child with MPS, accompanied with SARS, a protracted inflammatory process in a respiratory tract (aggravated by pneumonia or bronchial obstruction syndrome) is highly possible.
Breathing process is carried out under regulating control of nervous system, and changes in brain and spinal cord also affect respiratory disorder in children with MPS. Combined impact of changes in breathing regulation mechanism and airway abnormalities can lead to respiratory insufficiency, aggravated during sleep [9] [13] .
According to modern research data, 80% of patients with MPS suffer from respiratory disorder during sleep. Respiratory disorders during sleep can be classified as obstructive sleep syndrome (OSAS) [2] [10] [14] .
Two forms of MPS development are distinguished-slight and severe. At severe form a patient has all the symptoms with severe disturbance of cognitive and mental functions; death occurs in the second decade of a patient's life. At slight form a late debut of the disease (in adolescence or even early adulthood) is possible; mental retardation is slightly expressed or absent; patients often live to 30 years old.
Data, accumulated over the past 10 years, evidence that obstructive sleep apnea increases the risk of death from cardiovascular diseases and can be an independent risk factor for sudden cardiac death of this group of patients [10] [12]- [14] .
The aim of our study is to determine the prevalence of OSAS and the dynamics of its course changes, depending on severity of various organs affection in children with MPS II.
Materials and Methods
For the analysis of respiratory disturbances during sleep in children with MPS we carried out cardiorespiratory monitoring of day or night sleep, using Embla N7000 polysomnography complex, as well as Apnea Link portable device and MiROxi pulse oximeter. Night cardiorespiratory monitoring included ECG, determination of saturation and nasal flow pressure, thoracic and abdominal wall movements (total time of examination was 6 hours). The method allows to identify associations between respiratory disorders and heart rhythm, to assess main indicators of respiratory disorders during sleep, followed by the prevention of life-threatening conditions in children with MPS.
The study included 17 children aged from 1.5 to 15 years old (boys, mean age is 12.5 ± 3.9 years old), under- At the moment of inclusion to the study absence or slight respiratory disorder were diagnosed in equal numbers of patients (25% and 25%, respectively) with a slight form of MPS. At severe form there was established the predominance of moderate-to-severe and severe respiratory disorders (33.3% and 44.4%, respectively). Hypertrophy of adenoids was determined in every second patient with slight and severe disease form of disease.
Clinical characteristics of slight and severe forms of mucopolysaccharidoses II in examined patients are presented in Table 1 .
Key Cardiovascular Indicators
In order to assess the severity of respiratory disturbances during sleep, we used the following basic concepts of night sleep monitoring: 1) Apnea is respiratory standstill with complete cessation of airflow into the airway not less than for 10 seconds; 2) Hypopnea is decrease of respiratory flow by 50% or more, accompanied by a decrease of blood saturation with oxygen by 4% or more; 3) apnoea-hypopnoea index (AHI) is a number of episodes of significant apnea/hypopnea during 1 hour of sleep; 4) desaturation index (DI) is a number of reductions of saturation of blood oxyhemoglobin with oxygen more than by 4%, associated with episodes of respiratory disorder for 1 hour of sleep.
OSAS severity was assessed by apnea-hypopnea index (AHI). There were distinguished three degrees of OSAS severity: slight form at AHI of 1.5 -5/h, a moderate form at AHI of 5 -10/h and severe form at AHI of over 10/h [14] .
Results
AHI, SpO 2 and DI indicators were studied in 17 children with mucopolysaccharidoses II (Hunter Syndrome). Obstructive sleep apnea syndrome (AHI > 1.5) was diagnosed in 10 cases (58.8%): slight (AHI is of 1.5 -5)-in 4 patients (23.5%), moderate (AHI is of 5 -10)-in 4 patients (23.5%), severe (AHI is over 10)-in 2 patients (11.8%). AHI median with Hunter syndrome was 5.3 ± 6.9/hour. OSAS was absent in 7 children (41.2%). Body mass index (BMI) median was 19.6 ± 3.6 kg/m 2 (12.9 -28.2). Median of blood saturation with oxygen (SpO 2 ) was 87.5% ± 10.6%, desaturation index (DI) was 10.4 ± 13.3/h; number of patients with SpO 2 < 95% was 76.4% (13 children). OSAS was absent in children aged from 1 to 3 years old, in the group of children from 4 to 7 years old patients with slight form of OSAS (43%-3 of 7) dominated. In the group of children older than 7 years oldmoderate severity of OSAS was found in 60% of patients (3 out of 5), severe form-in 40% of cases (2 of 5) (see Table 2 ).
Apnoea-hypopnoea index medians in the group of children older than 7 years old (10.9 ± 9.4/hour) significantly exceeded (p < 0.05) AHI medians of patients of younger age group (1 -3 years) -0.8 ± 0.3/hour. In patients of preschool group (4 -7 years old) AHI medians were 4.3 ± 4.8/hour ( Table 2) .
There were not found reliable differences between medians of SpO 2 and an average number of reductions of saturation of blood oxyhemoglobin with oxygen (DI) in these age groups ( Table 3 ). At that SpO 2 medians in all age groups were below 95% (1 -3 years old-92.0% ± 5.4%; 4 -7 years old-89.2% ± 4.7%; over 7 years old-80.6% ± 17.3%).
AHI medians in children with slight and severe forms of Hunter Syndrome were 1.9 ± 1.9/h and 7.6 ± 8.1/ hour, without significant differences between groups (p > 0.05) ( Table 4 ). Nonetheless, it should be noted that in the group of children with slight form of disease patients without OSAS dominated (57.2%-4 of 7), and at severe form of disease had moderate and severe OSAS (30%-3/10, 40%-4/10, respectively) ( Table 4) . Table 2 . Apnoea-hypopnoea index in children of different age groups with mucopolysaccharidoses II. Table 3 . Levels of blood saturation with oxygen and desaturation index in children different age groups with mucopolysaccharidoses II. Medians of SpO 2 (slight form-91% ± 4.7%, severe form-89.2% ± 4.7%) and DI (slight form-4.3 ± 3.9/hour, severe form-89.2 ± 4.7/hour) did not significantly differ between the two groups ( Table 5) . Overwhelming number of patients of both groups showed SpO 2 below 95% (patients with slight form-in 71.4% of cases (5 of 7), with severe form-in 80% of cases (8 of 10)).
We determined AHI, SpO 2 and DI medians in children with tracheo-bronchial tree affections ( Table 6) . Every second child with severe respiratory disorders severe displays of OSAS was noted. SpO 2 medians of about 95% were observed only in the group of children without respiratory disorders (95.2% ± 3.6%), in other groups they were 91.5% ± 2.9%, 88.7% ± 4.7%, 76.0% ± 17.1% (slight, moderate and severe respiratory disorders, respectively). DI medians increased along with an increase of the severity of respiratory disorders.
Our study showed significant differences (p < 0.05) ( Table 6 ) between AHI and SpO 2 indicators in groups of children without and with moderate respiratory disorders. And between DI indicators in groups of children without and with slight respiratory disorders, without and with moderate respiratory disorders, as well as without and with severe respiratory disorders (DI medians are 0.6 ± 0.8/h, 2.5 ± 1.2/h, 7.3 ± 2.9/h, 30.2 ± 14.2/h, respectively).
We have studied the effect of adenoids hypertrophy on AHI, SpO 2 and DI indicators in children with Hunter Syndrome. OSAS was detected in 5 of 9 cases (58.8%) in children with adenoids hypertrophy: slight form-in 2 patients (22.2%), moderate form-in 2 patients (22.2%), severe form-in 1 patient (11.1%) (see Table 7 ). 4 of 9 children with adenoids hypertrophy did not have OSAS (44.5%). AHI median in the group was 6.7 ± 9.0/hour ( Table 7) .
37.5% of children (3 of 8) without adenoids hypertrophy did not have OSAS, an equal number of children had slight and moderate OSAS-25% each (2 of 8); AHI median in this group was 3.9 ± 4.4/h ( Table 9 ). There were defined medians of SpO 2 and DI for each group: 89.3% ± 4.8% and 13.4 ± 14.5/hour, 85.6% ± 15.0% and 7.0 ± 10.1/hour (with and without adenoids hypertrophy, respectively) ( Table 8) . Table 5 . Blood saturation with oxygen levels in children with slight and severe forms of mucopolysaccharidoses II. Table 8 . Levels of blood saturation with oxygen and desaturation index, depending on presence or absence of adenoids hypertrophy in children with mucopolysaccharidoses II. Comparison of AHI, SpO 2 and DI medians did not reveal the influence of adenoids hypertrophy on OSAS severity (approximately equal percentage of slight, moderate and severe OSAS among groups), no significant differences of SpO 2 and ID indicators between groups were found (p > 0.05) ( Table 8) .
At the moment of the first examination four children with Hunter Syndrome were receiving enzyme replacement therapy (ERT) for 1 year (Elapraza medicine, Shire Human Genetic Therapies Inc., Cambridge, MA), 13 children were examined for the first time prior to ERT, significant differences in AHI, SpO 2 and ID between groups were not obtained (p > 0.05), which can be explained by insufficient duration of ERT ( Table 9) .
Two children with severe Hunter Syndrome were re-examined after two years from the beginning of ERT treatment. The first patient (11 years old) showed a significant positive trend of AHI, SpO 2 and ID indicators changing (before treatment AHI was 4.4, SpO 2 -88%, in 2 years-AHI was 0.6, SpO 2 -95.6%); the second patient (8 years old) showed no dynamics, due to the absence of OSAS prior and during ERT treatment (before therapy AHI was 0.8, SpO 2 -97%, in 2 years AHI was 0.0, SpO 2 -95%).
The positive effect of enzyme replacement therapy was shown during 6-minute walk test, as well as during the evaluation of lung function with the help of external respiration function (ERF).
Treatment of respiratory disorders in children with MPS II, aggravated by respiratory infection, involves the use of topical medication for the reduction of inflammation. Quite often it is necessary to perform an adenoand/or tonsillectomy. However, in severe cases, these operations can not be performed due to potential complications after anesthesia and surgery [15] .
Severe respiratory disorder during sleep can be treated by continuous positive applied pressure (CPAP), during which air is injected under high pressure through a mask, thus preventing airway collapse during inspiration, increasing sleep quality, decreasing shortness of breath and normalizing concentration of blood gases [16] [17].
Conclusions
Thus, obstructive sleep apnea syndrome (OSAS) was detected in more than half of patients (58.8%) with mucopolysaccharidoses II (in equal number of children with slight and moderate-to-severe OSAS over (23.5%), AHI was of 5.3 ± 6.9/h). Our data in most points are consistent with the data of previously published studies (Leighton S. E. et al.) [10] [16] [17] .
In the group of infants (1 -3 years old) slight form of OSAS (AHI was 0.8 ± 0.3/h) dominated, whereas in the adolescent group-severe form (AHI was 10.9 ± 9.4/h). Aggravation of OSAS with aging is possibly connected with the progression of the disease itself, which can be caused by many factors, including the distribution of glycosaminoglycans deposits in tracheobronchial tree mucous.
The severity of OSAS also depended on: -the form of disease (at slight form patients with without OSAS dominated (57.2%), at severe form patients had OSAS of moderate and severe form-30% and 40%, respectively).
-respiratory disorder severity (in case of their absence OSAS was not determined (AHI 0.9 ± 0.3/h), while at moderate-to-severe disorders moderate form of OSAS was revealed (AHI 6.2 ± 4.8/h, p < 0.05).
SpO 2 indicator in children with mucopolysaccharidoses II amounted to 87.5 ± 10.6% (the number of patients with SpO 2 below 95% was 76.4%), only in the group of children without respiratory disorders its average value was normal (95.2% ± 3.6%). In this very group minimum value of DI was defined (0.6 ± 0.8/h), which significantly differed from DI in the groups of patients with slight, moderate and severe respiratory disorders (DI: 2.5 ± 1.2/h, 7.3 ± 2.9/h, 30.2 ± 14.2/h).
Thus, the high frequency of respiratory disorders in patients with MPS, their severity and display at the beginning of the main disease proves the importance of timely evaluation and follow-up. Cardiorespiratory monitoring is necessary to identify children with moderate-to-severe and severe forms of OSAS with subsequent prevention of life-threatening conditions, the occurrence of which is possible at this disorder.
